Background: Falls, in older adults, can worsen physical functioning and lead to serious complications. Thus, as a means of preventive intervention, this high-risk group should be screened. The aim of the present study was to investigate whether reaction time is clinically applicable as a fall risk assessment tool. Methods: The study participants were community-dwelling older adults aged 65 years or older, who scored 24 or more in the Korean version of the Mini-Mental State Examination, and did not have difficulty with communication and comprehension. To investigate the relationship between hand reaction time and fall risk, we used items from a recently developed computerized apparatus, which includes 2 fall risk assessment tools: the Short Physical Performance Battery (SPPB) and Berg Balance Scale (BBS). Results: Reaction time was negatively correlated with the total SPPB (r=-0.314, p<0.001) and BBS scores (r=-0.164, p<0.001); the scores were higher when reaction times were lower. Multiple linear regression analyses also showed that the total SPPB (β=-0.30; 95% confidence interval [CI], -0.26 to -0.02) and BBS scores (β=-0.14; 95% CI, -0.26 to -0.02) significantly increased as the reaction time decreased. Conclusion: Reaction time was significantly correlated with the SPPB and BBS, confirming the possibility of its use in tools for fall risk assessment.
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INTRODUCTION
It is well known that fall frequency tends to increase with age. It is reported that approximately a third of older adults, over the age of 65 years, experience falls at least once a year. In this population, half of those who have experienced falls experience fall recurrence, and, in approximately 10% of all patients who have falls, a fall is accompanied by a fracture or serious complications, like traumatic brain injury and severe soft tissue injury 1, 2) . The complications associated with falls worsen physical functioning, and increase the use of healthcare services and mortality 3) . Even if no injury occurs, a fall reduces physical activity and engenders dependence and social withdrawal. Hence, the quality of life of older adults is affected by falls themselves, and then by the fear of falls 4) . Therefore, it is extremely important to prevent falls in order to maintain functional independence.
In recent times, several studies have revealed that if the multifaceted nature of falls is managed, falls can be considered predictable and preventable rather than as unavoidable accidents 5) . Accordingly, studies are being conducted to develop screening tests to evaluate the physical status of older adults, and predict the fall risk level as well as the associated harmful consequences 6, 7) . Aging of the nervous system and musculoskeletal system, which lead to a reduction in abilities such as reaction time and balance, is suggested as the main cause of falls, and fall evaluation tools are being developed in accordance with this. However, there is a lack of studies which focus on the correlation between reaction or response time and fall risk in older adults [8] [9] [10] . Reaction time is defined as the length of time taken for an actual response to initiate after an external stimulus is perceived by the sensory neurons, and, through a series of information-processing steps, result in an action 11) . Reaction time increases with age, and higher reaction times are likely to lead to falls 12) . Previously conducted studies have used reaction time pri- marily to assess cognitive impairment, as a fall risk factor 13) . To measure reaction time, an objective test method which included the use a computer was introduced in the 1980s 14) . Reaction time is mainly used to assess cognitive informationprocessing ability. It is measured by instructing participants to make an audible sound or press a button when a visual or auditory stimulus is presented, with focus on the information processing speed of the central nervous system (CNS); however, the importance of muscular activity is minimized 13) . Reaction time involves not only the CNS, but also the peripheral neuromuscular system (PNS), which also affects balance, as described above 15) . Fast muscular reaction is highly critical in recovering from imbalance caused by an unexpected disturbance, and in promptly addressing a situation in which a fall could occur 16, 17) . Some researchers who paid attention to this fact used ways to measure muscle and joint torque to assess muscle contraction, i.e., elements of the peripheral muscles, during the reaction time 18, 19) . These methods are advantageous in that they allow the velocity of the reaction by the muscular system to be quantitatively measured, but their significant drawbacks are that they are invasive, time-consuming and costly.
The present study aimed to measure reaction time using a recently developed computerized apparatus. The objective was to contrast computerized reaction time with the Short Physical Performance Battery (SPPB) and Berg Balance Scale (BBS), which are well-validated markers for fall risk.
MATERIALS AND METHODS

Participants
This study was conducted at an older adults' welfare center in Seoul, between January 18 and 29, 2016. Participants were community-dwelling older adults aged 65 years or older.
Initially, those who scored 24 points or higher in the Korean version of the Mini-Mental State Examination, and were thus judged capable of comprehension and communication, were eligible to participate. To determine if the "Reaction time measurement" is meaningful in the SPPB (gold standard) through the ROC curves, H0 is set to under the curve (AUC) of 0.5 (i.e., meaningless inspection) and assuming that H1 is 0.6, the required number of participants is 334 (power 90%, type 1 error is 0.05; PASS 12, NCSS, LLC, Kaysville, UT, USA) 20) . In the baseline study, there were 324 eligible participants. Of them, 13 did not want to participate. Trained investigators administered a questionnaire covering variables related to the risk of falling. Fall risk factors, as estimated in numerous studies, include hearing and vision impairment, cognitive impairment, history of falls, usage of drugs, arthritis, impairment of instrumental activities of daily living (ADL), and depression, in addition to muscle weakness and imbalance related to various chronic diseases 1, 4, 5) . Using the questionnaire, individuals were asked about their age, sex, medication history (sleeping pills, sedatives, antidepressants, blood pressure medication, and prostatic hyperplasia medication), lifestyle habits (drinking and smoking), history of falls, and disease history (hypertension, angina, hyperlipidemia, anemia, diabetes, and sleep disorders). Exercise habits were measured using the Korean version of the International Physical Activity Questionnaire (K-IPAQ), a scale validated in older Korean adults. Body mass index (BMI) was calculated by measuring the height and weight of the participants. These were considered as control variables. A total of 287 individuals were finally included in the study after the following individuals were excluded: 8 who were taking dementia medication, 13 who were wearing orthotics, and 3 in whom BMI information was absent.
The present study utilized part of the data collected in a clinical trial (No. 2015-10-502), conducted by the Department of Family Medicine, Kyung Hee University Medical Center, in collaboration with InBody Co. Ltd., Seoul, Korea. The protocol for this study was approved by the Institutional Review Board of Kyung Hee University Hospital (approval number: 2017-02-036).
Equipment and Protocol
A recently developed computerized apparatus was used to measure reaction time. Reaction time was defined as the time taken for participants, while standing, to move their hands from a semicircular button in the center of a monitor to a randomly lighted fan-shaped button on the monitor screen. Latent reaction time was measured as the time taken from the moment one of the 4 buttons lit up on the monitor screen, to when participants lifted their hand off the semicircular button in the center in order to press the lighted button. Thus, latent reaction time is included within the length of reaction time, and indicates premotor response time (Fig. 1) .
Fall Risk Assessment
The 2 most common fall risk assessment tools were used to evaluate balancing ability and fall risk in older adults. The SPPB is known as a battery of measures to objectively and quantitatively assess isokinetic muscular strength, and to evaluate simple physical activities 21, 22) . The BBS is a fall prediction tool found to be the most effective among those that evaluate balancing capability, which is the most important fall predictor 23) .
1) Short Physical Performance Battery
The SPPB was used for the first time in a study conducted by the US National Institute of Aging to establish geriatric epidemiology, and is used as a method to easily evaluate physical functions. The SPPB consists of 3 items: the standing balance test, gait speed test, and repeated chair stands. On each test, a point of 0 is assigned if participants cannot perform the test, and a score between 1 and 4 is assigned, depending on the performance level, with a full score of 12 if participants succeed in all the tasks 24) .
(1) Standing balance test In the standing balance test, whether balance can be maintained for over 10 seconds is assessed with the feet placed in a side-by-side, semi-tandem, and tandem stance, respectively. If participants can hold the side-by-side or semitandem stance for more than 10 seconds, 1 point each is assigned. In the tandem stance, 1 point is assigned if a participant can hold the stance for 3-9 seconds, and 2 points if the stance is held for more than 10 seconds. The highest score is 4.
(2) Gait speed test Gait speed is measured by estimating how long it takes to walk 4 m. A participant performs the test twice, and the shorter of the 2 measurements is used. If a participant cannot perform the test, a point of 0 is assigned, while the other scoring criteria are as follows: 1 point for times over 8.7 seconds, 2 points for times between 6.21 and 8.7 seconds, 3 points for times between 4.82 and 6.20 seconds, and 4 points for times under 4.82 seconds. If walking is possible using a walking aid such as a cane, the same procedure can be followed.
(3) Repeated chair stands This test measures the time (in seconds) taken for a participant to repeatedly stand up from a chair 5 times, with the hands crossed at the chest. If the individual stands up using his/her arms, or if there are concerns about the safety of the participant, such as fall risk during the examination, the examiner can stop the examination and assign a score of 0. The total inspection time is 60 seconds or more, and apart from a point of 0, the other scoring criteria are as follows: 1 point for times over 16.7 seconds, 2 points for times between 13.70 and 16.69 seconds, 3 points for times between 11.20 and 13.69 seconds, and 4 points for times under 11.19 seconds.
2) Berg Balance Scale
The BBS was developed to evaluate balancing ability and fall risk in older adults. It is composed of 14 items, each scored between 0 and 4 points, with a full score of 56 points. The items are: sitting to standing, standing unsupported, sitting unsupported, standing to sitting, transfers, standing with eyes closed, standing with feet together, reaching forward with outstretched arm, retrieving object from floor, turning to look behind, turning 360 degrees, placing alternate foot on stool, standing with one foot in front, and standing on one foot. It is a useful tool to predict falls in older adults; a score in the range of 41 to 56 is classified as low-risk, a score in the range of 21 to 40 as moderate-risk, and a score in the range of 0 to 20 as high-risk 23) .
Statistical Analysis
All the participants were categorized according to their general characteristics (age, sex, lifestyle habits, BMI, and disease history), and a t-test and analysis of variance were performed to test mean differences in the characteristics. To examine the associations between reaction time and latent reaction time, with the SPPB and BBS, Pearson correlation coefficients were calculated.
To further investigate the relationships, multiple linear regression analysis was performed and standardized regression coefficients (beta coefficients, β) and 95% confidence intervals (95% CIs) were computed. All the analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA), and statistical significance level was set at α=0.05
RESULTS
The proportion of participants aged between 75 and 79 years was higher (39.4%) than in any other age group, and the proportion of women (71.4%) was higher. Ninety-one percent of the participants exercised a little (<600 metabolic equivalent min/wk) 25) . Those with a fall history constituted 15.3% of the participants. With respect to disease history, hypertension was the most common morbidity (57.1%), followed by hyperlipidemia (25.4%) and diabetes (18.1%).
The mean total SPPB score was higher in men (10.5) than in women (9.7), and those with a sleep disorder had a significantly lower mean SPPB total score (9.3). In terms of all the other characteristics, significant differences were not obser- ved. The mean BBS score was significantly lower (p<0.001) in patients with a hypertensive disease history (p=0.001). Apart from age and hypertension, significant differences were not found ( Table 1) .
The Pearson correlation coefficients, computed between reaction time/latent reaction time and SPPB or BBS, showed that reaction time and latent reaction time were correlated with SPPB and BBS, and these associations were significant. Reaction time was negatively correlated with the total SPPB score (r=-0.314, p<0.001) and BBS score (r=-0.164, p<0.001). With regards to the constituent items of the SPPB, reaction time was positively correlated with the gait speed test Fig. 2 . Pearson correlation coefficients between reaction time and Short Physical Performance Battery (SPPB) scores (A) and the latent reaction time and SPPB scores (B). Correlation coefficients computed between reaction time/latent reaction time and Berg Balance Scale (BBS) (C). CI, confidence interval. (r=0.315, p<0.001) and chair stand test (r=0.316, p<0.001), and negatively correlated with the balance test (r=-0.169, p=0.004) ( Table 2) . Fig. 2 displays the results of Table 2 in a graphical form.
Similar findings were observed even after control variables were included in the model (such as age, sex, current smoking status, current alcohol consumption status, physical activity status, BMI, as well as history of falls and chronic diseases, such as hypertension, angina, hyperlipidemia, anemia, diabetes, and sleep disorders) ( Table 3) .
DISCUSSION
The results of this study demonstrated that reaction time and latent reaction time showed significant relationships with SPPB and BBS. That is, as reaction time decreased, fall risk decreased, as measured by the SPPB and BBS.
Reaction time is a result of complicated actions by the CNS and PNS 15) . It is determined by the sensory system, perceptual mechanism, central information processing, appropriate strategy production, information transfer with regards to appropriate reaction, and muscular action 26, 27) . Reaction time can be divided into premotor time (PMT) and electromechanical delay (EMD). PMT is the time from external stimulation to initial muscle activation, while EMD is the time from initial muscle activation to joint torque. In other words, PMT indicates the reaction time due to the neuronal component, and EMD indicates the reaction time due to the muscular component. Therefore, reaction time can be used to quantitatively measure the velocity of a reaction by the nervous and muscular systems involved in a fall 28) . Previously conducted studies have shown that measuring the response time minimizes the movement of the muscles and thus influences the CNS 13) . However, the reaction time and latent reaction time measured in this study indicated PMT and EMD, respectively, and a strength of the study is that it included the influence of the PNS as well as the CNS, unlike in the case of the aforementioned study.
The information processing speed in older adults is very slow compared to younger individuals; this may be attributed to the reduced neuronal density in the brain and the distribution of neural networks due to aging, which cause difficulties in the planning and execution of autonomous movements 27, 29) . Other studies which investigated slow movements in cognitively impaired older adults reported that the reaction time is slow in older adults as the peripheral processing speed decreases due to the aging of the muscular system 18, 30) . Thus, we reason that overall reaction time is affected in a complicated fashion, through decreased central information-processing speed, and slower muscle contraction in peripheral processing, caused by muscle weakness due to aging 15, 16) . It is also reported that reaction time affects balance, and that a high reaction time is a risk factor for falls 16) . The results of our study indicate that reaction time could be an interesting predictor of falls in older adults, due to the sensory and motor components associated with it.
In recent times, fall assessment tools based on stepping reaction time have been developed [8] [9] [10] ; however, those in which hand reaction time is integrated are lacking. This study distinguishes the measurement of reaction time using the hands.
However, our study has some limitations. First, due to its cross-sectional design, it was difficult to investigate any causal relationships between reaction time and falls. In addition, we attempted to analyze the average value of fall history and number of falls, but no meaningful result was obtained. Second, the study was conducted for adults over the age of 65 years, living in particular areas in Seoul, and, therefore, it is difficult to generalize the study findings to all older Korean adults. Finally, even though the results have shown that reaction time, as measured by this tool, is significantly correlated with the SPPB and BBS, validation through follow-up studies is required. We are in the process of preparing a paper focusing on the relationship between fall and reaction time, including follow-up.
In conclusion, we found that both reaction time and latent reaction time showed significant correlation with the SPPB and BBS. That is, as the reaction time decreased, the risk of falls decreased, as measured by the SPPB and BBS. This demonstrates the possibility of utilizing reaction time in tools for fall risk assessment.
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